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Chemical Analysis of Gallstones 
〔I]Extraction and Quantification of Gallstone Components 
SuMIO MuKAIHARA 
同condDepartment of Surgery, Faculty of Medicine, Kyoto University 
(Director: Prof. Dr. YORINORI HIKASA) 
A rnicrochernical technique for the analysis of gallstones is described. This technique is
designed for easy, rapid and accurate determination, but it is also capable of dealing with very 
small quantities of the material to be tested. 
1）じallstonesare washed with distilled water, dried, pulverized with an agate mortar, and 
desiccated to a constant weight. This method requires as litle as 10 milligrams of a sample, 
b,J.lt allows accurate and separate analysis of thin layers of gallstones. 
2) Ten milligrams of gallstone powder is transferred to a 10 ml glass-stoppered centrifuge 
tube, mixed with the following solvents, and stirred with an ultrasonic stirrer. The tube is 
centrifuged at 4,000 r.p.m. for 15 minutes. An aliquot of the supernatant is placed in a smal 
test tube. The excess supernatant is aspirated, and the residue is dried. Stepwise solvent 
extraction consists of：負rst,petroleum ether 10 ml; second, lN-hydrochloric acid 10 ml; third, 
petroleum ether 10 ml; fourth, dimethyl sulfoxide (DI¥I日0)10 ml. Each extraction procedure 
takes les 20 minutes. 
3) An aliquot of the petroleum ether extract is used for the colorimetric determination of 
cholesterol by Zak-Henly’s method and of fatty acids by Itaya-Ui's method. An aliquot of the 
hydrochloric acid extract is used for the colorimetric determination of calcium by the OCPC 
method and of inorganic phosphorus by Goldenberg’s method. An aliquot of the D'.'v!SO 
extract is used for the colorimetric determination of bilirubin by the oxidation method. 
Furthermore, bilirubin and biliverdin in gallstone are directly extracted with DMSO acidified 
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with 1% volume of IN-hydrochloric acid. Bilirubin j, measured by Malloy-Evelyn's method, and 
both bilirubin and biliverdin are measured by the bilirubin oxidation method. Biliverdin is 
determined from the difference between the values of the two methods. 

















Bilirubin (Sigma grade), Biliverdin dihydrochloride 















































ジエチJレエー テノレ， メタノー ノレ， エタノ－Jv, Folch 
液（メタノー ノレ： ：クロロホノレム， 1: 2), Bloor液（エ
タノーノレ：ジエチルエーテル，3: 1)15，口）を，無機物
質IC対するそれとしては， 1；＼及び 4：＼＇塩酸を，ヒリ
ノレビンlζ対するそれと しては司クロロホルム， 1¥, N-
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ロロホノレム， D~IFA ‘ D:\Iメ（）の各種溶媒で，その溶

































































































脂 肪 酸 iItaya-Ui－久城変法！ O～25mg/di 
I （パルミチン酸 ） 
｜ として測定
ビリルビン ピリ Jレビン酸化法 O～ 8mg/dl
l¥lalloy-Evelyn法 O～ 15mg/dl
カルシウム ｜ OCPC法 O～ 20mg/dl 














































































































（比色定量法） I I (nニ 5)
コレスチロール ｜ 矧 96 
ハノ ! 94～101 i 98 (Zak Henly 法）！｜
ミチン酸 1 i I 96～106 ! 101 (Itaya-Ui－久城変法） ｜ ｜ 
ウム I 97～104 I 101 (OCPC法）｜｜
燐 I100～102 I 101 (Goldenberg法）！！
ピリルビン I 98～105 I 102 






































? ? ?? ＝??
:¥!alloy Evelyn法 99 97～100 
ビリノレビン酸化法 98 95～100 
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表4 合成モデル胆石の組成


















































成 分｜回収率 I(n=5) 三二二コーよ~I~~沼
パ Jレミチン酸 99～104 101 
パノレミチン酸 101～111 105 カノレシウムホ
カノレシウム＊ 91～101 97 
燐 ホ 103～105 104 









































































































































































油エーテJレは， コレステローノレと遊離脂肪酸を， lN 
塩酸は，カノレシウムと無機燐を， 2回自の石油エーテ
ルは，残存するコレステローJレとカJレjウムが除去さ





























1) Been JM, Bills P:Vl, et al: Microstructure of 
gallstones. Gastroenterology 76: 548-555, 1979. 
2) Bills PM and Lewis D: A structural study of 
gallstones. Gut 16: 630-637, 1975. 
3) Bogren H and Karsson K: On the pigment in 
biliary calculi. Scandinav J Clin Lab Invest 15: 
569-572, 1963. 
4) Chihara G, Kobayashi E, et al: Medical and 
biochemical application of infrared absorption 
spectra IV. Chem Pharm Bull 8: 771-777, 1960. 
5) Connerty H V and Briggs AR: Determination 
200 日外宝 第50巻第l号（昭和56年1月）
of serum calcium by means of orthocresol-
phthalein complexone. Am J Clin Path 45・
290-296, 1966. 
6) Danzinger RG, Hofmann AF, et al: Dissolu-
tion of cholesterol gallstones by chenodeoxy-
cholic acid. N Eng J 乱1ed286: 1-8, 1972. 
7) Edwards JD, Adams WD, et al: Infrared 
spectrum of human gallstones. Am J Clin Path 
29 : 236-238, 1958. 
8) Goldenberg H and Fernandez A: Simplified 
method for the estimation of inorganic pho” 
sphorus in body fluids. Clin Chem 12: 871-
882, 1966. 
9) Harring W and Horsters H: Rontgenbild und 
chemische Zusammensetzung von Gallensteinen. 
Fortschr R凸ntgenstr46: 546-553,1932. 
10）端野博康，杉田太一，他・胆石中iζ含まれる微量
金属元素のX線7イクロアナライザーによる分析
的研究，日外宝 44 : 21-50, 1975. 
11) Henly AA: The determination of serum choles-
terol. Analyst 82: 286 287, 1957. 
12）日笠頼則 ：コレステロール系胆石の成因について．
日本医事新報 2805 13-20, 1978. 
13) Hikasa Y, Nagase :V1, etal: Epidemiology and 
etiology of gallstones. Arch Jap Clir 49: 555-
571, 1980. 
14) Holt PF and Tarnoky AL: The analysis of calculi 










18) ltaya K and Ci M: Colorimetric determination 
of free fatty acids in biological fluids. J Lipid 
Reserch 6: 16-20, 1965. 
19）金井泉，金井正光編：臨床検査法提要．改訂第
27！奴， VJ61，金原出版（東京） 1975. 
20）亀田治男，千原呉郎，他：赤外線吸収スベクトJレ
による胆石の分析とその白川、f/'J応用．最新医学
13 : 445-468, 1958. 
21）久城英人，高野圭以，他 ：血清遊離脂肪俊比色定
最法lζ関する検討（第7報）， ltaya-Ui改良法に
ついて．臨床病理 18 : 833 837, 1970. 
22）久敏英人，福井厳：遊雛脂肪酸．臨床化学 1: 
42-51, 1971. 
23) Makino J, Shinozaki K, et al: Dissolution of 
cholesterol gallstones by ursodeoxycholic acid. 
Jpn J Gastroenterol 72: 690 691, 1975. 
24) Malloy HT and Evelyn KA: The determina-
tion of bilirubin with the photoelectric colori・
meter. J Biol Chem 119: 481-490, 1937. 
25）三宅博，鍬塚登喜郎，他：日・米・中華三国IC
於ける胆石の化学的分析による比較研究．福岡医






報集： 199, （鹿児島） 1980. 
28）永光慎吾：胆石の組織化学的研究ー特に蛋白質を
中心として．日外会誌 57 : 1542 154 7, 1956, 
29) Nagase M, Tanimura H, et al: Scanning 
electron microscopic study of alimentarily gals・
tones. Abstracts of international congress of 
gastroenterology: 132, (Budapest) 1976. 
30) Nagase M, Tanimura H, et al: Present features 
of gallstones in Japan, A collective review of 
2,144 cases. Am J Surg 135: 788-790, 1978. 
31）長瀬正夫． 谷村弘，他： 胆石手術症例3,387例
の集計結果，特に黒色胆石について．外科治療




33) Nakayama F: Quantitative microanalysis of 
gallstones. J Lab Clin Med 72: 602-611, 1968. 
34) Naumann HN: CIX. Studies on bile pigments 
I. A new test for bilirubin in urine and its 
use for detection of bilirubin in normal urine. 
Biochem J 30：・ 762-764,1936. 
35) Nishimura M: Uber Die chemische Zu岨ー
mmensetzung Der Gallensteine. J Biochem 
(Tokyo)28：・ 265-292,1938. 
36）西村正也：胆石の構造と分類論．臨床外科 3:
145 151, 1948. 
37）野間元繁人：邦人胆石の構造に関する顕微鏡的研
究．医学研究 18 : 415-426, 1944. 
38）太田直一：生体内lζ於ける無機成分の研究（第ー
報）人体結石の無機成分について．日本化学雑誌
74 : 506-510 1953. 
39）太田抜穂，杉田民代，他 0-cresolphthalein com・ 
plexone による Ca比色定量法IC関する 2'3の
検討．臨床病理 16 : 659 662, 1968. 
40) Pickens M, Spanner GO, et al: The composi・
tion of gall stones and their solubility in dog 
bile. J Biol Chem 95: 505-507, 1932. 
41) Sanjo T: Biochemical and histochemical study 
on fatty acid-calcium gallstones. Tohoku J Exp 










日消会誌 73 : 1429, 1976. 
45）瀬戸山元一，谷村弘，他：胆石の微細構造に関
する研究（I）いわゆる黒色石について．日消会誌
74 : 980, 1977. 
46）瀬戸山元一，翠川修，他：実験的混合石形成と
その微細構造（皿） 日消会誌 75 : 1121, 1978. 
47) Setoyama M, Tanimura H, et al: Ultrafine 
structures and chemical composition of dietarily 
produced gallstones and of human gallstones. 
Abstracts of VI world congress of gastroentero・
logy: 91, (Madrid) 1978. 
48) Setoyama M, Tanimura H, et al: Ultrafine 
structure and atomic composition of human 
gallstones studied by scanning electron micro-
scope equipped with X-ray microanalyzer. J 
Clin Electron Microscopy 12: 835, 1979. 
49) Simmons NA: An automated method for serum 
bilirubin determination. J Clin Path 21: 196-
201, 1968. 
50) Soloway RD, Trotman BW, et al: Pigment 
gallstones. Gastroenterology 72: 167-182, 1977. 
51) Sutor DJ and Wooley SE: X-ray diffraction 
studies of the composition of gallstones from 
English and Australian patients. Gut 10: 681 
683, 1969. 
52) Sutor DJ and Wooley SE: A statistical survey 
of the composition of gallstones in eight 
countries. Gut 12: 55-64, 1971. 
53) Sutor DJ and Wooley SE: The nature and 
incidence of gallstones containing calcium. Gut 
14: 215-220, 1973. 
54) Sutor DJ and Wilkie L: The crystalline salts 
of calcium bilirubinate in human gallstones. 
Clin Science and Molecular Medicine 53: 101-
103》1977.
55) Sutor DJ and Wilkie L: Calcium in bile and 
calcium salts in gallstones. Clin Chim Acta 
79: 119 127, 1977. 
56) Suzuki N and Toyoda M: On infrared absorp-
tion spectra of bilirubin and calcium bilirubi 
nate. Tohoku J Exp Med 88: 353-360, 1966. 
57) Suzuki N, Nakamura Y, et al: Infrared 
absorption spectroscopy of pure pigment gall-
stones. Tohoku J Exp Med 116: 259 265, 1975. 
58) Tanimura H, Shioda R, et al: Initiating factors 
in formation of cholesterol gallstones. Arch Jap 
Chir 47: 427-445, 1978. 
59）谷村弘，竹中正文： Chenodeoxycholicacid l乙
よる胆石溶解lζ関する実験的研究．日外宝 44. 
3 20, 1975. 
60）谷村弘・胆石の生成. Medico 11: 4360-4364, 
1980. 
61）田村一磨： X線分析法！C依る邦人胆石の結晶学的
研究．日外会誌 43 : 1525-1555, 1942. 
62) Thistle JL, Hofmann AF: Efficacy and spe-
cificity of chenodeo耳ycholicacid therapy for 
dissolving gallstones. New Eng J Med 289: 
655-659, 1973. 
63) Thoma GE, Kitzberger D'.¥1, et al: A spectro-
photometric method for determination of urinary 
bilirubin. ] Lab Clin Med 33: 1189-1192, 1948. 
64) Trotman BW, Ostrow JD, et al: Pigment vs 
cholesterol cholelithiasis: comparison of stone 
and bile composition. Am J Dig Dis 19: 585 
590, 1974. 
65) Uldall A, Petri C, et al: The composition ot 
gallstones from geriatric patients. Methods for 
the determination of cholesterol and of black 
substances in gallstones. J Clin Chem Clin 
Biochem 14：・ 577-579,1976. 
66) Yagi T: Some observation on chemical com-
ponents of gallstones in the Sendai district of 
Japan. Tohoku J Exp Med 72: 117 130, 1960. 
67）湯国伝：胆石の重金属の意義．医学研究 23: 
1434 1449, 1953. 
68) Zak B: Simple rapid microtechnic for serum 
total cholesterol. Am J Clin Path 27：・ 583-588,
1957. 
